TRA I PRONE Pits MF 


Se \ 
. " 
2. ee 7. i 4 i 


. ee 5 tee 
f Ea 








; 


| Pal na eee, « 





2V' 


IN DESIGN “%> 
OR REDESIGN 


LINDE PROCESS SERVICE ASSURES 
YOU EVERY ADVANTAGE OF 
OXWELDING AND CUTTING 


. Se ry. ts 
|" planning a new metal product 12 RAN 


or improving an old one, Linde 
Process Service places at the dis- 
posal of Linde users an unparalleled 
knowledge of the oxy-acetylene 
process cf welding and cutting. This service effectively supplements the 
work of your own engineers in obtaining maximum design advantages, 
production economies, and complete dependability. Typical examples of 


Linde Process Service include — 


Assistance to a manufacturer in remaking a broken cast iron generator 
yoke on an urgently fast schedule. This unit was redesigned for fabrica- 


tion from oxy-acetyiene shape-cut steel by welding. 
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duction a steel forming press. Dependability was achieved at exceptionally 


low cost through the use of oxy-acetylene shape-cut steel. 


Helping an aircraft builder design a “hot spot” for fuel heating. The 
necessary compactness of this device could be obtained only by oxwelding. 


Lightness without sacrifice of strength was essential. 


Tomorrow's engineers will be expected to know how to apply the oxy-acetylene 
process of welding and cutting metals. For their assistance, we have prepared several 
interesting technical booklets explaining how this modern metal-working process is 
used in the design, construction, and fabrication of metal parts and structures. These 
books contain newer and more practical material than most texts and will form a helpful 
addition to your personal library. Write to us and we will send them to you without charge. 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASSACHUSETTS 


The MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers Courses 
in Engineering and Science, each of four years’ duration, 
leading to the degree of Bachelor of Science in: 


AERONAUTICAL ENGINEERING GENERAL ENGINEERING 
ARCHITECTURAL ENGINEERING GEOLOGY 

Brotocy AND Pus.iic HEALTH INDUSTRIAL BIOLOGY 
BurLpING CoNnsTRUCTION MATHEMATICS 

CHEMICAL ENGINEERING MECHANICAL ENGINEERING 
CHEMICAL ENGINEERING PRACTICE METALLURGY 

CHEMISTRY Muitary ENGINEERING 
Civit ENGINEERING Mininc ENGINEERING 
ELECTRICAL ENGINEERING NAVAL ARCHITECTURE AND MARINE ENGINEERING 
ELECTROCHEMICAL ENGINEERING Puysics 

ENGINEERING ADMINISTRATION SANITARY ENGINEERING 
GENERAL SCIENCE 


The Course in Architecture is of five years’ duration, and leads to the degree of Bachelor in Architecture. 
Five-Year Codperative Courses in Electrical Engineering and Railroad Operation leading to the degrees 
of Bachelor of Science and Master of Science are also offered. 


Graduate Courses leading to the degrees of Master of Science, Master in Architecture, Doctor of Philos- 
ophy, Doctor of Science and Doctor of Public Health are offered. The Courses leading to the degree 
of Master of Science include Codperative Courses in Chemical Engineering Practice and Fuel and Gas 
Engineering. 

The better high schools and other preparatory schools in the United States offer adequate preparation 
for the required entrance examinations given by the College Entrance Examination Board in June, or by 
the Institute in September. 





Graduates of colleges or of scientific schools of collegiate grade, and in general all applicants presenting 
satisfactory certificates showing work done at another college corresponding approximately to at least 
one year’s work at the Institute, are admitted to such advanced standing as is warranted by their previous 
training, and are given credit for our required subjects, including the entrance requirements, so far as they 
have been satisfactorily completed. 


The Summer Session extending from June to September includes most of the subjects given during the 
academic year and in addition special courses for teachers. 


Any of the following publications will be sent free upon request 
CATALOGUE FOR THE ACADEMIC YEAR 


(Wuicn IncLupes THE ADMISSION REQUIREMENTS) 


SUMMER SESSION CATALOGUE 
GRADUATE STUDY AND RESEARCH 


Correspondence should be addressed to the 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
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PREVIEW 





ENIoRS, and others who find the employment situa- 
S tion in America uninviting, may well heed the advice 
of Mr. C. T. Brady who discusses in his article ““Oppor- 
tunities in the Argentine?” the difficulties which beset 
the young engineering graduate in foreign countries. 
Mr. Brady, who has had twenty years experience in 
Argentina, and who is now General Manager of The 
United States Steel Corporation in Buenos Aires, paints 
a not-too-glowing picture, but he has carefully empha- 
sized the prerequisites for success in that country. In 
particular he recommends a broad grasp of engineering 
principles, rather than specialization, and a thorough 
knowledge of Spanish. Other articles on the foreign 
situation will appear herein, as soon as they are received 
from the authors. 


ENIORS, again, may raise their eyebrows at the men- 
S tion, in the same breath, of Fourth Dimension, and 
Class of 1935. The article by Charles Sutton, a fresh- 
man at the Institute, on the “Geometry of the Fourth 
Dimension” is nevertheless one of the most interesting 
and best written student articles ever to appear in THE 
TeEcH ENGINEERING News. Mr. Sutton, who conceived 
his liking for higher mathematics in high school under 
the guidance of a gifted instructor, has not only a thor- 
ough grasp of his subject, but a penetrating style. 


HE makings of a successful career based on prepara- 

tion in college are discussed by Mr. R. I. Rees, of the 
Bell Telephone organization, in his article (page eight). 
By the use of statistical analyses which have been com- 
piled in that organization, he makes clear among other 
things that the earning of college expenses has little to 
do with the success of the earner, contrary to popular 
opinion. Scholarship and campus activity, moreover, 
are not as reliable indices as they are commonly sup- 
posed to be, though their effect is evident. 


~ TRIP Coat MINING, one of the more popular indus- 

tries with ‘“‘wildeat ‘security’ salesmen and stock 
jobbing activities” is described by Mr. John A. Garcia, 
a mining engineer who has had considerable experience 
in this field. Aside from the description of the problems 
of the engineer in prospecting and operating a strip coal 
mine, the effort of the author to discourage the public 
belief that “‘a strip coal proposition” is a sure money 
maker is noteworthy. Strip mining, for the benefit of 
those not in Course III, consists of uncovering the ore 
and loading it onto cars. But, as the article makes clear, 
it is not as simple as that. 


N the vanguard of those experimenting with the use of 
Hl welding for structural purposes (as against riveting) 
is the Watertown Arsenal of the United States Army. 
William L. Warner, the author of the article “‘Welding 
for Modern Structures,” has, since 1922, been actively 
engaged in the development of welding, with the Gen- 
eral Electric Company, and at Watertown. His dis- 
cussion represents, therefore, a most up-to-date treat- 
ment of a subject which is becoming increasingly 
important to every branch of engineering. 


HE frontispiece, reproduced by special permission of 
T The American Architect, is one of a series of inter- 
esting illustrations which appeared recently in that 
magazine. 
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OPPORTUNITIES IN THE ARGENTINE? 


By C. 'T. Brapy 


General Manager United States Steel Corporation, Buenos Aires 
Past President American Chamber of Commerce in the Argentine 


HEN some young American engineer comes into 
my office in Buenos Aires looking for work, 
the first question I ask him is, ‘“‘How well do 
you speak Spanish?” Unless the answer is 
“Fluently,” I have to advise him to go back to the 
United States, for in times like the present — when 
there is so little of any work to be had by anybody — 
there is almost no chance whatever that he could find 
employment, even at wretched wages. There are already 
too many competent men who can speak the language, 
and who are on the lookout for any opening. Not only 
engineers, but other newcomers also have 
the same troubles, and quite often the 


the graduates of the various Argentine universities: 
who, of course, get all the official and Government jobs 
(and it is to be remembered that the State operates 
many industries which are left to private enterprise in 
the United States), but there are many keen young Euro- 
peans of every nationality, who are in much better posi- 
tion with respect to the language, and who frequently 
are, or have been, content with smaller salaries. Besides 
this, most engineering jobs of any size are built for some 
public service corporation, or transportation company, 
who will always prefer to employ — if they have not 
actually the necessary men here already, 
or have brought them out specially — 


Americans resident here have had to con- 
tribute to send some fellow countryman 
back home. 


The usual young American, who has 
not travelled very much, has no real con- 
ception of the language difficulty, for in 
his own country, where everybody — for- 
eigners and all — speaks English, at least 
after a fashion, he is never forced to con- 


In this article, the second 
of a series describing the 
conditions which face the 
young engineering gradu- 
ate in foreign countries, 
Mr. Brady gives Tecnu 
ENGINEERING News read- 
ers the benefit of his twenty 


years’ experience in the 
Argentine. Ata time when 
the employment problem is 
so acute, the advice of a man 


engineers of their own nationality. Thus, 
most of the railroads are English and their 
engineers are Englishmen; the two great 
electric plants of Buenos Aires are in the 
hands of Italian and German engineers, 
the port of Rosario is under French admin- 
istration, some of the largest contracting 
firms are German, contractors for small 
jobs are often Italians, and so on. There 
are various industrial and electric and 





tend with this handicap. He has no back- as well quali 


ing of experience to help him out, such as 
young Europeans enjoy as a general rule. 
The man without a knowledge of the lan- 
guage is helpless to explain, or direct, or 
read a note on a drawing, or write an 
order, and nobody, to put it quite frankly, has any time 
or inclination to teach him, or give him the opportunity 
of “picking up” the language on the job. There is a lot 
of confidence in young men’s minds about this “‘picking- 
up” business, but it is in fact a long, hard process and 
in all cases must be accompanied by tedious and serious 
study of grammar. Recent arrivals often suppose that 
they will take board with Spanish-speaking families, and 
thus acquire the language easily and quickly. Well, in 
twenty years of residence here, I haven’t seen a single 
instance of the success of this scheme. The importance 
of the language in one’s daily occupation is no doubt 
obvious, but on reflection it will be seen no less so in 
regard to the mere routine of living, of getting about the 
country, of diversions, and so on. There is no wall 
blanker than not being able to talk to one’s neighbors. 


Again, few American engineers visualize the compe- 
tition they must face in coming to this country with the 
hope of finding employment here. Not only are there 





should prove o 
The third artic 
pear in an early issue. 





ed as he telephone enterprises controlled by Amer- 
sp value. . 


ican capital, as well as a street-paving 
company and a branch of a well-known 
Editor, American contracting company which has 
just finished a new subway, and there are, 
of course, many American manufacturers 
of goods or appliances used in engineering who employ 
engineer-salesmen. All of the engineers for these enter- 
prises, just as in the case of the other nationalities, are 
sent out from the United States, and are not taken on 
here. Indeed, there is scarcely a single job of any 
importance where the employers have not chosen in 
their own country among suitable candidates, known to 
them there, one whom they could send out. The ever 
present language obstacle has been duly considered and 
the employers have arranged for interpreters, etc., 
which they would never do for a local man. : 


e will ap- 


In former years many young engineers, of every 
nationality, did come here ‘‘on spec,”’ and as times were 
booming, they sometimes found small jobs which tided 
them over while they studied local conditions thoroughly 
and learned to speak the language. Occasionally such 
jobs did lead to something better, but often their work 
had little or nothing to do with engineering, as they took 

(Continued on page 20) 











THE GEOMETRY OF THE FOURTH DIMENSION 


By Cuarwes S. Sutton 7°35 


HE “fourth dimension” is a mystery to most 

people because it lies outside the range of their 

experience. We measure the surface of a table 

top by two dimensions — length and width — 
and the volume of a box by three dimensions — length, 
width, and depth — but we never have need of more 
than three. The three dimensions with which we are 
familiar are homologous: each one is at right angles to 
each of the other two. Making use of this property, we 
may define dimensions as directions of measurement 
which are mutually perpendicular. We know that this 
definition holds good for the three familiar dimensions, 
and we shall assume that it holds good for four. We 
cannot prove that this assumption is true, in fact, we 
cannot even prove that a fourth dimension exists, but if 
it does exist, then the above assumption is certainly the 
simplest and most logical one that we 
can make. Applying this definition to 
four dimensions, we see that the direc- 
tion of the fourth dimension must be at 
right angles to each of the other three. 
This is impossible to visualize, since 
our senses are limited to a perception 
of three dimensions (to convince your- 
self, try to hold a pencil at right angles 
to each of the three edges of a rectan- 
gular box), but this does not disprove 
the existence of a fourth dimension. In 
this paper we shall derive from the 
definition the properties of a four di- 
mensional space. 


It is important that the reader 
should approach the subject of the 
fourth dimension with an open mind: 
otherwise, he is liable to seal the fate 
of the question beforehand by his own 
conviction that, because a thing can- 
not be visualized, it is impossible. As 
has been previously implied, the mere 
fact that something is not apparent to 
the senses does not preclude its exist- 
ence. Every day new realities are dis- 
covered in the field of science, yet before their discovery, 
they are, to most people, “‘impossible.”” How could the 
cave man conceive of such a thing as radio? To him, 
the limit of voice transference was only a few hundred 
yards; how, then, could a man be heard for thousands 
of miles? Certainly, no man’s voice could be that power- 
ful! The fourth dimension is most assuredly possible; 
several of the world’s foremost mathematicians have 
declared it a reality. 


Fig. 1 


By far the simplest method of solving four dimen- 
sional problems is to reduce them to problems in three, 
or fewer, dimensions. We may do this because, by 
definition, the dimensions are homologous, and hence 
every problem dealing with four dimensions will have 
a three dimensiona) analogue. (The relationship is 
the same as that between plane and solid geometry.) 
Having once solved the problem for three dimen- 
sions, we may usually “step up” the solution to four 
dimensions. 





The fourth dimensional ‘‘cube,” 
developed (unfolded) so that it can 
be seen in three dimensions. 


We shall deal first with the simplest of all four 
dimensional figures, the four dimensional cube. [Strictly 
speaking, a four dimensional cube is not a cube, any 
more than an ordinary cube is a square. It is rather the 
four dimensional analogue of a cube. Some writers 
denote it by the term “‘tesseract” or hypercube. In this 
paper, however, we shall understand by four dimen- 
sional cubes, spheres, etc., the four dimensional ana- 
logues of the three dimensional figures.] This figure 
bears the same relation to the familiar three dimensional 
cube that the three dimensional cube bears to the square 
(two dimensional). Continuing still further down the 
scale, we come to the one dimensional analogue of the 
square (or cube), namely, a straight line of definite 
length. If this line is reduced one more dimension, it 
will become a point, which has no dimensions. It is 
quite easy to see that these figures are 
related to each other by a definite law: 
A point (A, see Figure 2), when moved 
a certain definite distance in a direction 
at right angles to itself (i.e., in the 
direction of the next higher dimension), 
will generate a straight line (AB); this 
straight line, when moved the same 
distance in a direction at right angles 
to itself, will generate a square (ABCD): 
this square, when again moved the 
same distance in a direction at right 
angles to itself, will generate a cube 
(ABCDEFGH). Now, if this cube be 
moved the same distance in a direction 
at right angles to itself (i.e., at right 
angles to each of its three dimensions), 
it will generate a four dimensional cube. 


It is, of course, impossible to visu- 
alize a four dimensional cube, but by 
noting its properties, we may form a 
fairly definite mental concept of it. By 
writing down the properties of the line, 
square, and cube, we may induce the 
general properties of a cube of any 
dimensions (termed an n-dimensional 
cube) or, in particular, the properties of a four dimen- 
sional cube. Referring to Figure 2, let us represent the 
length of the line AB by the letter /. Then the length of 
any side of the square or cube will also be /. The total 
space inclosed in the line is its length (i.e., space =/); 
the space inclosed in the square is its area, which is 
equal to the square of one of its sides (space =[?); the 
space inclosed in the cube is its volume, and this is equal 
to the cube of one of its sides (space =/°). By induction, 
it is apparent that the space inclosed in a four dimen- 
sional cube, i.e., its four dimensional volume, will be 
equal to the fourth power of one of its sides (space =[*). 


Let us now determine how many bounding faces a 
four dimensional cube has. By “bounding faces,” we 
mean the lines, planes, or the like, which completely 
inclose and define a geometric figure. A straight line of 
definite length is completely defined by two points, one 
at each end of the line. When we consider a square, we 


see that four lines are necessary to inclose it, and simi- 
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larly, a cube requires six square faces. Continuing the 
numerical series, 2, 4, 6, we should expect a four dimen- 
siona! cube to have eight bounding faces. This can be 
proven analytically as follows: As previously explained, 
any member of the cube series (line, square, cube, etc.) 
may be generated by moving a member of the series of 
next lower dimensions in a direction at right angles to 
itself (see Figure 2). We shall denote the initial and 
final positions of the generating figure as bases. (In 
square ABCD, Figure 2, lines AB and CD are the 
bases.) It is self-evident that every member of the cube 
series will have two bases. In general, the bases, which 
constitute only two bounding faces, are not sufficient 





The development of a solid from a point by translation. 
At right, a cube developed into a plane by unfolding. 


to inclose completely the figure. The remaining faces 
which are necessary we shal! term “‘lateral faces.” In 
square ABCD, Figure 2, lines AD and BC are lateral 
faces. The lateral face AD is itself generated by the 
motion of point A, and the lateral face BC, by the 
motion of point B. But the points A and B are the 
bounding faces of the base of the square, and hence the 
number of lateral faces of the square must be equal to 
the number of bounding faces of its base (in this case, 
two). Similarly, the cube ABCDEFGH has four lateral 
faces (the squares ABFE, BCGF, CDHG, and DAEH), 
each one generated by the motion of one of the bounding 
faces of the base of the cube, and as before, the number 
of the cube’s lateral faces must be equal to the number of 
bounding faces of its base, or four. As shown before, 
every member of the cube series will have two bases 
besides its lateral faces; hence a cube will have four 
plus two, or six, bounding faces — a fact which agrees 
with our knowledge of the cube. Considering now the 
four dimensional cube (which is, by definition, formed 
by moving a cube at right angles to itself), we know that 
the number of its lateral faces will be equal to the num- 
ber of bounding faces of its base. But its base is a three 
dimensional cube and has six bounding faces; therefore 
the four dimensional cube will have six lateral faces, or 
a total of eight bounding faces (six lateral faces and two 
bases). We shall not bother to prove conclusively that 
these faces are congruent cubes (three dimensional), 
but this is quite evident from the fact that the bounding 
faces of a cube are congruent squares, the bounding 
faces of a square, congruent lines, and the bounding 
faces of a line, congruent points. 


It is interesting to note that a four dimensional 
cube may be made quite concrete by the simple geo- 
metric process known as development, or unfolding. 
By means of this process all rectilinear figures, havin 
any number of dimensions whatsoever, may be reduce 
to figures of one less dimension, A cube (three dimen- 
sional) may be unfolded to produce the plane figure 
(two dimensional) shown in Figure 2. The sone shows 
the development and the cube (shown in dotted lines) 
from which it is derived. If we examine the construc- 
tion of the development, we see that it contains a center 


t 
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square (shown shaded in both diagrams), which is the 
base of the original cube. On each side of this square is 
constructed another square, and an extra square (the 
top of the cube) is then added to any of the four arms of 
the cross. We may follow the same method of construc- 
tion to produce a development of a four dimensional 
cube: Taking a base of the four dimensional cube 
(which is, of course, a three dimensional cube), we con- 
struct another cube on each of its sides, and then add an 
extra cube. The resulting cross-like figure is shown in 
Figure 1. If we add up the number of cubes in this 
figure, we find that it totals eight, which agrees with 
= number of bounding faces of a four dimensional 
cube. 


We come now to the subject of four dimensional 
spheres. Let us study first the laws of formation of the 
sphere series. A one dimensional sphere consists of 
two points (A and B, Figure 3). Point O, the mid- 
point of a line joining the two points, is the center and 
also the axis of the one dimensional sphere; the distance 
OA is its radius. If the:one dimensional sphere be 
rotated around its axis (the point O), a two dimensional 
sphere (i.e., a circle) will be generated (see Figure 3). 
In order to generate a three dimensional sphere, the 
circle must again be rotated about an axis. We cannot 
use the point O as an axis, however, for if we do, it will 
permit the circle to spin around its center like a wheel, 
still remaining in its original plane. By choosing any 
line through the circle’s center (e.g., the diameter AB 
of the circle ACBD, Figure 3), we prevent the circle 
from rotating in a plane; the only way it can possibly 
rotate is in the direction of the third dimension (shown 
by arrows in Figure 3). When it rotates in this manner, 
a sphere is vias md 


Let us now see how a four dimensional sphere can 
be generated by the rotation of a three dimensional 
sphere. We have used a point and a line as successive 
axes of rotation; we must now use a plane as an axis. 
[An axis, in the accepted meaning of the word, cannot 
be a plane, but we shall use this word for want of a 
better term.] Indeed, a line as an axis would be insuf- 





Fig. 3 A 


The evolution of the sphere, from point to solid, by trans- 
lation and rotation. Revolving a sphere about a plane will 
produce a “‘sphere” of four dimensions. 


ficient, insomuch as it would permit the sphere to spin 
on its axis just as the earth does; a plane axis will cause 
the sphere to remain fixed in three dimensions, leaving 
only the alternative of rotating through the fourth 
dimension (cf. next to last sentence in preceding para- 
graph). This plane axis, like the point and line axes, 
must pass through the center of the sphere. In — 
3, the sphere, when rotated about the center plane 
ACBDO, will generate a four dimensional sphere. 


If we attempt to derive a formula for the space 
inclosed in a four dimensional sphere (i.e., its four 
dimensional volume), we see that the process is not 

(Continued on page 20) 




























































ENGINEERING EDUCATION — ITS RELATION 





TO A SUCCESSFUL CAREER 


By R. I. REEs 


HE engineering student finds himself confronted 

with an educational system wh‘ch presents so 

wide a variety of activity that he is forced to limit 

his participation in them. Besides his technical 
training, participation in so-called extra-curricular 
activities is urged upon him. Courses in cultural sub- 
jects, and the study of economics are offered. The stu- 
dent must ask himself, *‘What, after all, is most impor- 
tant for me to know? What is the most valuable part of 
my college experienc e?” The experience of large com- 
mercial organizations has thrown much light upon this 
problem. Success in large ¢ orporations has ‘been studied, 
statistically. The engineering student who is inter- 
ested in know ng how best to succeed in such an organi- 
zation can find valuable information in these statistical 


surveys. 


In order that he may start with the right back- 
round, it is important to recognize that almost all 
as aad organizations build up in the form of a pyra- 
mid. At its base is the large majority of rank and file 
employees; next, there are the foremen; one step higher, 
district and division heads, and the departmental staff; 
over them, department heads, general staff, general 
managers, vice- -presidents, and finally, the president. 
This form of organization is indic ‘ated se -hematically in 
the illustration below. The number of positions at each 
level in this pyramid is substantially less than the num- 
ber in the next lower level. Ideally, of course, each man 
should progress from the genera. forces up through suc- 
cessive levels, to a position of real importance, but both 
human limitations and the small number of more 
important positions inevitably prevent this. At 
every level, not excepting the lowest, there will be 
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undoubtedly make more rapid progress than many men 
of less formal education. As time goes on, however, 
they will find many men in this latter classification 
competing very actively with them for these places. 
and developing just about as rapidly. Both because of 
the value of their education, and because they probably 
were originally a more selected group, college men will 
have some decided advantages over other men in busi- 
ness, but they must recognize and respect the great 
ability of some of these men, and if they wish to reach 
the top positions, they must continue to grow and 
develop themselves steadily over a long period of time. 


Naturally, men with engineering education will fill 
positions which demand the engineering background 
which they possess. However, in the broad phases of 
business, engineers need to realize that in business as 
well as in life there are many problems in which an 
engineering method of attack may be appropriate, but 
to which no engineering solution can be found. In these 
fields the attitude of employer, customer, or the public, 
may be far more important than the bare quantitative 
elements of a problem. The engineering student, there- 
fore, if he wishes to progress beyond technical responsi- 
bility, should gain some knowledge of psychology. He 
must certainly recognize the economic, as well as the 
physical aspects of a technical problem. He must be 
able to state and interpret his conclusions in writing and 
in speech so that they will carry conviction without 
creating antagonism. Real attention should be paid to 
those required or elective subjects which lie outside the 
strictly technical curriculum. 


Giving our attention now to an attempt to 
relate some of the elements of your college experi- 


numbers of men who will never wet ues beyond it. m1 ence to future careers in industry, it is interesting 
stry, it is 
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fact that no better positions are availz’ le. 
This means an organization made up of 
employees of varying capac ities, some with 
distinctly limited training and outlook, 
others (and this is equally important) 
with the best intellects and education 
that one can find. Much but not all of 
this latter materia! is in the colleges 
and must be secured from them. 


In general, it would seem that a 
college education gives men who 
complete it.a broad perspective 
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ticle by Mr. W. S. Gifford in Harper’s Maga- 

zine (“Does Business Want Scholars?”), and 

also in a paper by Mr. D. S. Bridgman, pub- 
lished in the Personnel Journal, “*Suc- 
cess in College and Business.” I shall, 
therefore, give you only a quick sum- 
mary of these findings. 


Charts indicative of the most im- 
portant elements in college education 
were developed by first plotting the 

salaries of all of the men included 
in the study on a scatter diagram, 












and a flexibility in adapting LOCAL MANAGERS — DISTRICT STAFF with annual salary and earnings 
themselves to their environ- SUPERVISING FOREMAN since graduation as co-or- 
ment, which give them an dinates. Salary progress 
excellent start in business. viussiel curves, dividing the whole 
In the long run into three groups 


they should obtain 
more than the nor- 
mal share of impor- 
tant places, and in 
the early steps of 
their careers will 
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equally, were then 
constructed. Simi- 
lar scatter diagrams 
for the group se- 
lected on the basis 
(Continued on page 18) 

















STRIP COAL MINING 


By Joun A. Garcia 
Mining Engineer, Chicago 


INING coal by the strip method means, essen- 

tially, exposing the seam to daylight by 

removing the overburden or cover and load- 

ing the coal directly into cars for shipment. 
In America, practically all the work of moving the 
earth, rock and shale above the coal is done by means 
of power shovels, either steam or electrically driven, 
but abroad, especially in Germany, continuous bucket 
excavators with conveyor bridges are standard equip- 
ment. The coal is also loaded mechanically by shovel, 
but of much smaller capacity than the stripper. 


When strip coal mining was started in the United 
States, about 1866, the operations were conducted with 
scrapers, slips and animal power, and it was not until 
the late seventies that the first steam shovel was used. 
The development of the mechanical units was neces- 
sarily slow because of the expense involved in the 
design and adaptation to the increasing difficulties due 
to rock, mud, thick overburden and high ratios. How- 
ever, after 1911, when the first revolving shovel was 
introduced into coal stripping fields of Illinois, and the 
extensive use of steam shovels on the Panama Canal 
gave impetus to the movement, quite rapid progress 
was made by the manufacturers in the design and 
development of the full revolving shovel. In fact, 
improvements in the art came so rapidly after 1915 
that obsolescence became a major factor in the cost of 
producing strip coal. 


The construction of a thoroughly modern coal strip 
operation now requires the very best engineering talent 
from the prospecting stage and layout of the cuts on 
through the mechanical, electrical, civil, and almost 
every “other branch of engineering. In the operation of 
a strip pit, the schedule must be so Salenaek- dias each 
unit will synchronize with the other, to the end that 
continuous operation may be had, especially during the 
coal loading period of eight hours. The big shovel and 
drag line often work sixteen and, in many cases, twenty - 
four hours a day, while coal loading (under union rules) 
may be carried on only for eight hours. 


The thickness and character of the overburden is 
determiaed by drill holes, and thorough prospecting is 
of vital importance to the successful operation of the 
pit. Many failures may be attributed to the false econ- 
omy of “‘saving”’ money during the preliminary drilling 
period before purchase of equipment. The surface con- 
tours, location of ravines, cropline, thickness of rock 
and its hardness, are all important factors in the scheme 
of things, not only to determine the location and extent 
of the opening or “‘box”’ cut, but the whole future line 
of attack in the pit operation. 
In addition to drill holes, 
test pits or shafts should be 
sunk at reasonable intervals 
to secure fair samples of the 
coal from which accurate 
data may be obtained as to 
its physical and chemical 
characteristics. 


Typical strip coal mining, 
showing the use of modern 
shovels, whose cost sometimes 


exceeds $300,000. 


In the operation of a coal strip pit, one of the largest 
factors towards success is to maintain enough exposed 
seam so that the coal loading shovel may operate con- 
tinuously and not be subject to delays due to mechan- 
ical disability of the stripping unit, or improper adjust- 
ment of capacities. The strip unit must uncover the 
seam at a rate that will not only provide ample supply 
for the coal shovel, but it must synchronize with the 
latter so that spoil area is always available. The exca- 
vated overburden is deposited in the depleted coal sec- 
tions, and continuity of operation necessarily requires 
proper adjustment of capacities in equipment for remov- 
ing overburden and the machine used to load out coal. 


Again, the haulage facilities must be co-ordinated 
with the capacity of the coal shovel so that empty cars 
are always available for loading during the eight-hour 
period of coal production, and this requires “periodic 
shifting of the storage stubs or sidings as the face 
advances and skillful management of train or car 
movement. The tipple loading and dumping section of 
the operation must be designed for peak rather than 
average loads because there must be no delay to the 
haulage as the loaded trips must be dumped as rapidly 
as possible and returned to the pit. Feeders, conveyors, 
screens and loading equipment are, therefore, designed 
on basis of dumping capacity rather than daily or 


hourly production. 


The question of freight rates to market is also one 
of prime importance ein strip mining as in all commercial 
activities, since cost of haulage to market is usually 
more than cost of production in both shaft and strip coal 
operations. A badly managed strip plant with a low 
freight rate to a ready market may be profitable, 
whereas the best kind of a strip pit with ace- high man- 
agement may fail of success if its available markets are 
on a “‘long’ * rate or saturated with competitive fuels. 
Therefore, three major considerations confront the con- 
sultant in his study of a coal strip proposition the 
physical which is “purely engineering, the operation 
which is a combination of engineering skill and man- 
agerial ability. and the sales or marketing problem. 
These three elements are inherent in any industrial 
problem and are emphasized here only in an effort by 
the writer to destroy the prev ailing belief of the invest- 
ing public that a “coal strip proposition” is always a 
sure money making institution; it is not. and in addition 
to the many problems inherent in this special brane h of 
mining, there is the burden of wildcat “sec urity”’ sales- 
men and stock jobbing activities. 

(Continued on page 19) 
































































WELDING FOR MODERN STRUCTURES 





By Witttam L. WARNER 
Welding Research, Watertown Arsenal 


HEN welding was being advocated for struc- 
tural work about ten years ago as a new and 
untried method the idea was looked upon 
with skepticism. It had interesting possibil- 
ities but methods of “procedure control” of the “‘per- 
sonal element” and other factors had not been devel- 
oped and experienc e was lacking. About the only thing 
which kept the issue of “whether to weld or not to weld” 
alive was the enthusiastic optimism of welding advo- 
cates who believed in the possibilities of welding. The 
structural steel industry regarded the arguments pro- 
posed with a certain amount of sympathetic tolerance 
and refrained from active participation in the discussion. 


After about five years of discussion the welding 
industry, represented by the American W elding Society, 
and the structural steel fabricators, represented by the 
American [Institute of Steel ‘Construction, jointly 
organized a committee, the Structural Steel Welding 
Committee of the American Bureau of Welding, and 
laid out a program of investigation proposed to obtain 
data for design of welded steel structures. 


Funds for the investigation were contributed jointly 
in cash, and the services of many experienced individ- 
uals were given gratis to carry out the test program 
successfully. 

Five years have been required to complete the work 
as planned originally and many thousands of dollars in 
time and brain power have been spent to insure the 
accuracy and dependability of the results. 


There are two fusion welding processes in use today 
for structural welding, viz., the oxy-acetylene and the 
electric are. Of the two the latter is probably the more 
extensively used for the joining of members, although 
no structural steel work could be carried on satisfac- 
torily without the gas cutting torch. 


Generally speaking there are four fundamental 
forms of fusion weld, the butt weld, the fillet weld, the 
edge weld, and the corner weld. 


Two others which are 
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more or less special are the plug weld and the slot weld. 
Of these types the fillet weld is used most for structural 
work, and there are numerous variations of each type. 
all having their individual designation in the standard 
nomenclature of the American Welding Society. 


The design of a welded structure is based upon an 
average unit strength of the weld depending upon the 
form of the weld and the type of material used. Such 
unit strengths must be determined by experiment and 


are for bare low carbon steel electrodes. 


There is proposed the use of a fillet weld test speci- 
men by which may be obtained the strength of fillet 
weld produced by the welder. The average ultimate 
strength of a 3¢-inch fillet has been determined by 
numerous tests to be 12,000 pounds per linear inch of 
fillet. This figure would require the welder to produce 
a specimen showing a total load of not less than 72,000 
pounds. For the complete test the inspector may 
specify that the welder make two of these specimens in 
each of several positions, depending on the type of work 
the welder is to do. The inspector must check the size 
of the welds to make certain they are not oversize, and 
by watching the specimen being made he can judge 
whether the welder has had any experience with fillet 
welds. Generally a welded structure is designed so that 
no overhead welds are necessary. 


There is not sufficient opportunity in the present 
discussion to cover the subject of test results of struc- 
tural welds. As a result of the tests the Structural Steel 
Welding Committee recommends the use of the unit 
working stresses for shear, tension, and compression as 
already noted, “‘provided the welder has been qualified 
and provision has been made for bending stresses that 
may be introduced due to eccentricity,” and concludes 
that “In commercial practice a welded joint may be 
expected to have a strength within twelve per cent of 
a general average for that type of joint, provided the 
welder has attained the stated qualifications.” 


A structural welding code has been 
prepared by the American Welding . 
Society which has been adopted either 
wholly or in part by a number of munic- 
ipalities and many others are consider- 
ing its adoption. A number of multi- 
storied buildings or additions to existing 
structures have been built by this 
method during the past five years. 
While this article is being written 
there is under construction by welding 
an addition to a large hospital in Bos- 
ton. The advantage of its quietness is 
quite important for such work. 


It is quite evident that there is a 
growing confidence in this form of 
building construction, and the student 
engineer should give the subject some 
study. Little can be said of the appli- 


cation of welding to bridge construc- 
(Continued on page 16) 


The types of welds used most commonly by up-to-date operators, drawn 
for Tecu Enerneertnc News by the author. Of the six shown, fillet 


weld is most commonly used for structural purposes. 
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ENGINEERING DIGEST 


Condensations of outstanding articles in the leading trade and scientific journals, 
published by special permission. 


New York’s New Subway Cars 


Condensed from Scientific American, January 1932 


New York has the very latest in subway cars. These 
cars, costing $38,000 eac ‘+h, have been built for use in the 
new Eighth Avenue subway and it is interesting to note 
their construction. The contract specified that delivery 
must begin within six months of the contract award and 
continue at the rate of 40 cars per month. Extensive 
plans were laid by the American Car and Foundry 
Company, of Berwick, Pennsylvania, where the cars 
were built. Cver 600 drawings were required, in addi- 
tion to 300 more-which were furnished by makers of 
accessories. One drawing, showing everything under 
the floor, was 12 feet long and cost as much as a good 
automobile. 


These new cars have many devices never before 
used. The underframe for the most part is made of 
carbon manganese steel, stronger and lighter in weight 
than ordinary steel. The cars were to weigh not more 
than 85,000 pounds, and when weighed the sample car 
was found to be 600 pounds under the allowable limit. 
These cars, 60 feet 6 inches long, will comfortably 
accommodate sixty passengers, and can be made to 
accommodate 280. Four doors on each side of the car, 
all controlled from one point, make possible fast load- 
ing and unloading of passengers. 


Over a freight car load of material came into the 
plant for each car built. There are more than 1,600 
different designs of pressings, forgings, and flat items, 
or 6,000 individual items. For each car 12,300 screws, 
22,558 rivets, 1,200 bolts, 5,000 nuts, 737 pieces of con- 
duit, 451 pieces of air pipe, and 43 miles of wire were 
used. Over 100,000 holes were punched in making a 
single car. 

Bumping the cars together not only locks them 
together but also couples the air brakes and 30 electric 
circuits, and the turn of a handle breaks them all simul- 
taneously. These cars were brought from Berwick to 
New York on their own wheels and the motors were 
installed there. 


Up Hill, Down Dale 


Condensed from Western Electric News, January, 1932 


Sound recording is today advancing from 
a winding ravine into a straight canyon with 
a roller coaster at the bottom. This, in a 
word, describes the result of recent develop- 
ments in the technique of making vitaphone 
and phonograph records. 


For many years the accepted method of 
cutting grooves in records has been the “‘lat- 
eral cut” system. A stylus or cutting point 
digs a miniature ditch in the surface of the 
blank record as the latter is made to rotate. 
The recording mechanism is so arranged that 
sound impulses are translated into lateral 
movements of the stylus; consequently the 
resulting groove, when viewed under a magni- 


Six thousand pounds of wrought iron, poured 
into a press which compresses it, preparatory to 
rolling into beams. 


fying glass, looks like a trench dug by a ditch digger 
wiio: has literally “‘gone on a bender.” This is made 
plain in one of the Thustrations. 


The system which now bids fair to supplant the 
lateral cut method is called the “hill and dale,” or 
vertical cut, system. The stylus in this case moves up 
and down, so that the resulting groove is perfectly 
straight (or rather a perfect spiral about the center of 
the record), but of variable depth. “Hill and dale” 
recording is an improvement in several respects. The 
most obvious of these is that the grooves can be cut 
about twice as close together as before, doubling the 
playing time of the rec ord. More important, though, i is 
the improved quality of reproduction. With a lateral 
cut record the needle must be of just the same width as 
the groove. Consequently a little abrasive material is 
included in the composition of which records are made, 
to grind the needle down to the correct width. Natu- 
rally, a grindstone in the background detracts from the 
quality of the finest of music. 


With “hill and dale” records, on the other hand, it 
is not essential that the needle fit snugly in the groove; 
accordingly, the needle is made of sapphire and the 
record of wax. The old scratchiness, which was a fre- 
quency sound, has been removed, and its elimination 
has been largely responsible for the extension of the 
frequency range to new limits. Where the phonograph 
of 1924 had a range of from 350 to 3,500 cycles per sec- 
ond, and. today’s talkies run from 70 to 5,000 cycles, 
the new method has already yielded a range of from 30 
to 9,000 cycles per second. The value of this achieve- 
ment lies in the fact that overtones, which determine 
the quality of a musical note, are now much more com- 
pletely reproduced than they have been in the past. 
Increased volume is also made possible by the new sys- 
tem, for the maximum difference in height between the 
miniature hills and valleys can be muc +h larger than the 
greatest possible deviation in the groove of a lateral cut 
record. ‘That is, a phonograph needle can have a larger 
amplitude of vibration with the new type of record 
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Tracks on the surface of a phonograph record (greatly 
enlarged) produced by the so-called “‘lateral process. 
The needle is displaced laterally as it follows the track. 


than with the old. And finally, the vertical cut rec- 
ords may be played hundreds of thousands of times 
without appreciable loss in quality! 


Further development of the “‘hill and dale” tech- 
nique is being carried on, and it is confidently ex- 
pected that the entire audible spectrum, from 16 to 
13,000 cycles per second, may in the near future be 
capable of reproduction. 


Will the Atom) Surrender? 


A new assault on the most strongly fortified 
citadel in the world is soon to be made by Dr. R. J. 
Van de Graaff of Princeton University, who is at 
present at M. I. T., working on a novel apparatus for 
generating high-voltage electricity. This fortress 
one that we are destined never to see — lies within 
the atom and constitutes its nucleus. Its disruption, 
if accomplished, will be the greatest experiment in 
the memory of human beings. 


To understand Dr. Van de Graaff’s apparatus 
and the reason for utilizing the great battering ram of 
high voltage we must understand what an aiom is. 
At this late day everyone knows that an atom is a com* 

lex structure of electrons and protons. At the center 
lies the almost impregnable nucleus, composed of nega- 
tive electrons and positive protons, which latter are also 
the nuclei of hydrogen atoms and the primal com- 
ponents out of which ‘the universe is built. Surrounding 
the nucleus are planetary electrons that vary in number 
with the weight of the atom. Hydrogen has one plan- 
etary electron and at the other end of the list is Uranium 
with multitudinous electrons. Although matter seems 
to be very dense, it is porous and empty. Protons and 
electrons are infinitesimal; if an atom were as large as a 
mountain its electrons would be no larger than eggs 
and its protons in the nucleus would be about as big as 
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pin heads. A proton is much smaller than an electron, 
yet the mass of an atom lies all in the protons making 
up its nucleus. It is the nucleus that gives an atom 
most of its properties. Out of the nucleus also come the 
alpha, beta, and gamma rays of radium and other self- 
transmuting elements. Electrons are small bits of elec- 
tricity. Hace the forces that protect the nucleus from 
disruption are electrical. Around the nucleus is a high 
voltage wall. Projectiles fired against the nucleus must 
penetrate that barricade. The atom is so small that a 
speck of dust. invisible to the naked eye, contains a 
thousand million millions of atoms. Yet to reach the 
nucleus requires energy measured by millions of volts. 
It is impossible to hit the nucleus of a single atom by 
employing a single projectile; a blunderbuss of enor- 
mous power must be used. Countless projectiles 
must be cast against billions of atoms in hopes that 
a few may hit the nuclear mark. The alpha particles 
of radium have been found to be the most practical 
for use as projectiles. They are nothing but the 
nuclei of helium, small but relatively heavy aggrega- 
tions of protons and electrons. Incidentally they 
have a speed of 12,000 miles per second. 


Previous attempts have been made to disrupt the 
atom, but no experiment has thus far been successful 
in penetrating the nucleus itself. Usually the wall 
would deflect the alpha particles by electrostatic 
repulsion. The lighter elements have been attacked 
with some success, hydrogen having been knocked 
from nitrogen, boron, fluorine, aluminum, and phos- 
phorus. Bombardment with alpha particles has only 
frayed the atomic nucleus, yet this success has been 
of tremendous consequence to science. The crashing 
of a particle into a nucleus has been photographed 
and observed with the microscope. Protons or alpha 
particles splashed against a fluorescent screen and 
momentarily spurted light. Since little more was to 
be gleaned from alpha particle bombardment, physi- 


The “‘up-hill down-dale” method of recording, a new 
development, allows the needle to follow the sound track 
with a minimum of scratching, and with increased 


fidelity of reproduction. 
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cists saw that it was necessary to build new and more 
powerful weapons. When they speak of 10,000,000 
volts scientists have an electrical drop in mind. Between 
the positive and negative terminals of a spark-coil or an 
X-ray tube there is a potential drop. If 500,000 volts of 
positive electricity are applied to the one terminal and 
200,000 of negative to the other, the drop is 1.000.000 
volts. If an alpha particle is dropped over this resulting 
gap it will damage and cael destroy whatever it 
encounters. An electrical gun will be pointed at matter 
when Dr. Van de Graaff’s apparatus is trained on 
the atom. 


The usual way of obtaining high voltage or creating 
a large drop is to generate a current at relatively low 
voltage and then to step it up by means of a trans- 
former. What Matiaieeiclne Dr. Van de Graaff’s appa- 
ratus is the simple way in which a steady high voltage 
is generated and maintained. He has returned to the 
principles that were applied when electricity was newly 
discovered, the principles of static electricity. It has 
long been known that the best way to get rid of a static 
charge is to discharge by way of a point and the best 
way to hold it is on a metal sphere. Moreover, the 
electricity collects all on the outer surface of the sphere. 
Here we have the principle that Dr. Van de Graaff 
applies in his apparatus. Static electricity is generated 
and whaeleniod ts spheres. If a high voltage is desired, 
it may be obtained by enlarging the spheres; it is thus 
possible to generate practically any voltage. To gen- 
erate the electricity endless silk belts which pass 
over pulleys are utilized. One pulley is mounted at 
the base of the pedestal that supports the sphere and 
the other within the sphere itself. The 
electricity is produced by rubbing the silk 
in the old-fashioned way. Thus the belt 
is charged and travels into the sphere, little 
points of metal transferring the charge to 
the surface; one sphere is positively charged 
while the other is negatively charged. The 
belts of the two spheres travel in opposite 
directions so that one belt is a charger of 
positive electricity and the other a dis- 
charger of negative electricity. 


Every electrical spark is composed of 
free electrons — negative electrons of the 
very kind that enter into the construction 
of an atom. If these electrons be allowed 
to stream through an exhausted tube con- 
taining a metal target, they will set the 
atoms of the target into such violent agita- 
tion that they will emit radiation. It is 
possible that Dr. Van de Graaff, by using 
such an X-ray tube with his new generator, 
may even approach the soft cosmic rays 
in penetrating power and thus shed light 
on their origin. In any case, neither he 
nor his assistants will sit within the spheres 
when such dangerous radiation is produced. 
The physicists will have their colossal ap- 
yaratus hauled on tracks into an airship 
Sane and will take up their positions 
behind blocks of steel and concrete while 
the electrical storm rages and X-rays of 
tremendous power shoot out from the 
target. 


Dr. R. J. Van de Graaff, of the Physics 
Department, with his newly developed high 
voltage generator. A larger machine, in the 
process of construction, is expected to produce 
a potential of many millions of volts. 
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Several thousand times as much radium as there is 
now in the laboratories of the world would not equal 
that tremendous outpouring of penetrating radiation. 
It is inevitable that amazing results will be observed. 
The eyes of the scientific world are focussed on this 
attempt at the seemingly impossible task the successful 
culmination of which has been the ambition of scientists 
ever since the dark ages. 





BuiLt To House a staff of seven hundred highly 
trained research engineers, an unusual laboratory has 
recently been placed in service. The exterior is of 
stone, aluminum, and glass, while a generous use of 
metal inside is in keeping with a business based upon 
the metal industry. The entrance and lobby’ are in 
black, dark blue-green, green satin finish, and polished 
aluminum. Gray, blueprint blue, and black constitute 
the general color scheme of the upper floors. Metal 
equipment for office and laboratory is finished in soft 
green, aluminum, and blueprint blue. All interior 
columns have been omitted in order to make large floor 
areas possible, while removable partitions of special 
design permit extreme flexibility. A large two-story 
craneway, roofed over with skylights, is equipped with 
removable slabs to permit the installation of especially 
tall experimental equipment. A V-shape bay type 
window is used to give the maximum amount of natural 
light, while air conditioning provides the most favorable 
working conditions. 
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EDITORIALS 


T. E. N.— As You Like It 


This issue of T. E. N., the first to be presented by 
the present Managing Board, is offered in a spirit of 
inquiry. The experience gained in the preceding volume 
indicates that our readers are interested more in articles 
of a general engineering and scientific nature than those 
specialized technical discussions which have been pub- 
lished from time to time in these pages. On the other 
hand, certain of our readers have commended us when 
some highly technical subject has been treated by an 
authority. Though it is true, in general, that no editor 
ever pleases more than 51 per cent of his readers at any 
one time, it is, of course, our sincere wish to maintain 
a much higher percentage of “satisfied customers.” 


For this reason, a particular effort will be made, by 
the fifty-odd members of the Managing Board and Staff 
of T. E. N., to secure from friends and acquaintances 
sincere opinions on the articles presented in this issue, 
and upon the quality of T. E. N. in general. From this 
‘mass of data,” a definite editorial policy will be formu- 
lated, and, we hope, adhered to throughout the duration 
of the volume. 


Those readers who feel inclined to direct their 
opinions first-hand, are invited to communicate with 
any member of the Managing Board, either by mail, or 
at the offices in Walker Memorial. 


The result of the survey will be published in this 
column next month. Though a published avowal of 
policy is often dangerous, we believe that our subscribers 
are entitled to know what they may expect. 


For the present, suffice it to say that reader interest 
is the standard by which all manuscript will be judged. 





Our immediate concern is to define, exactly, the interest 
of our readers. 


Are Engineers People? 


In the engineering literature of the day, there is a 
widespread tendency to forget that engineers are not 
only well trained manipulators of natural laws and 
resources, but human beings as well. They are adjudged 
fit to construct bridges and operate public utilities upon 
which thousands of people depend, but in any discus- 
sion of the human qualities, the engineer’s opinion is too 
often ruled out. Some say this is true because an engi- 
neer has so many technicalities to master that his out- 
look upon life in general is foreshortened. It is our wish 
to take issue with this point of view. 


The general level of intelligence required for the suc- 
cessful completion of any engineering course offered in 
the United States today is admittedly high. In most 
universities, the Engineering Course is looked upon as 
“tough.”” Why, then, is not a graduate of such a course 
entitled to as valid an opinion as that of, say, a poli- 
tician? The answer is that he is just as well qualified, 
and in the majority of cases far better qualified, to state 
his opinions as any other person. Whatever shortcom- 
ings he may have, the technically trained man is a 
specialist in common sense. 


As an example: the editorial which appears below 
was submitted by a member of the editorial department 
rather doubtfully, and it was accepted for publication 
only after long consideration. Why? Because already, 
the inferiority complex that engineers habitually dis- 
play about matters “outside their line” was showing 
itself in writer and editor. But birth control is a subject 
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in which every thinking person should be interested. 
Why should not the engineer, who is particularly 
trained in logical, practical thinking, be fitted to state 
and discuss his opinion on a subject of such practical 
importance? We believe he should be encouraged to do 
so. Hence the editorial is published. We welcome 
comment. 


The Engineer and Eugenics 


The Church and State are today combined in their 
alarm at the Gargantuan proportions assumed by the 
Crime Wave. When “Legs” Diamond’s fortunate 
demise is as much publicized and glorified as the death 
of Thomas Alva Edison, there is need for anxiety, not 
only in the select circles of Ladies’ Aid Societies, but in 
the minds of the educated classes. 


Even the most pessimistic biologist, T. Swann 
Harding, for instance, will admit that there are low 
levels of human intelligence, the idiot, the imbecile, and 
the moron, and that “their elimination from the breed- 
ing human stock seems advisable as a step in improving 
average human intelligence.” 


The engineer and the scientist are supposed to be 
members of the intelligensia of America. In their 
hands, therefore — in our hands, as future citizens of 
an enlightened order — lies the power to remedy many 
of today’s most striking social evils. 


First of all, let us not be misled by the false enthu- 
siasm of those who expect to create a race of supermen 
by eugenics. Sir Arthur Keith, the great anatomist, 
said, *“‘Call it by what name you will. The eugenist 
must have a stud-farm where he can secure control, 
isolation, and purity of blood . . . assuming this, it would 
take at least one hundred generations to breed a race 
of supermen.” 


On the other hand, the negative side of eugenics, 
the science of birth-control, is well worth supporting. 
It is common knowledge that heredity is one of the 
greatest aids to crime that exists at present. A system 
of scientific sterilization would do more, probably, for 
society than all the reformatories now in existence. 
Not only that, but the prejudice, born of ignorance and 
fostered by religion, against birth-control and the use 
of contraceptives, should be fought with an undying 


hatred by a very intelligent man. 


It is our duty, particularly since we have been 
privileged to enjoy excellent educational opportunities, 
to participate with heart and soul in the amelioration 
of the human race. Let us, the engineers of the future, 
plan our sincere support of scientific eugenics as applied 
to social problems. 

The creation of the universe in which we live and 
the origin of life of which we form a part is one of the 
most interesting and fascinating subjects which can be 
discussed. It was with that point of view that THE 
Tecu ENGINEERING News asked Professor Frederick 
K. Morris of the Geology Department to write for us 
on the origin of life. We are pleased to present his 
article in a forthcoming issue. 

The Managing Board regrets to announce the 
resignation of Charles E. Fulkerson °33 from the posi- 
tion of Publication Manager of Volume XIII. 
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BOOK REVIEWS 


MECHANICAL LABORATORY METHODS 


By J. C. SMALLWoop 
Johns Hopkins University 
And F. W. Keator 
Yale University 


D. Van Nostrand Co. Inc., 1931. 386 pp. plus XII. 


A thorough revision and extension of this standard work upon 
Mechanical Laboratory Methods has recently been completed by 
the authors. The book is a most excellent treatise upon laboratory 
methods connected with the use of steam, water and power dis- 
tribution. A few physical laboratory methods regarding accuracy 
and significant figures are included at the beginning of the 
treatise. After this, the simpler methods of measuring forces and 
pressures are taken up. The book does not deal with fundamental 
proofs or abstract applications, but is confined in a wholesome 
and desirable manner to laboratory practice in the lines of power 
measurement and machine performance. The text does not go at 
great length into laboratory practice in testing materials, nor 
does it touch upon textile practice. It is, however, replete with 
information regarding power plant tests and allied subjects. The 
subject-matter is presented in a clear, concise and straightfor- 
ward manner, and the cuts, to the number of some one hundred 
and twenty-five, are readable and informing. At the end are 
various tables, which would have considerable value in the calecu- 
lation of test reports. As a summary, there are appended one 
hundred and sixty typical laboratory problems, the answers to 
which are given. It would be difficult to find a more compre- 
hensive and direct presentation of the subject than is contained 


in this treatise. 
G. B. Haven. 


FINANCIAL ORGANIZATION 
AND MANAGEMENT 


By Cuartes W. GerstenBerc, Ph.B., J.D. 
Prentice-Hall, Inc., New York. 723 pp. 


To the student of economic problems this book represents a 
logical, concise, clear and accurate description of the methods of 
handling the various problems arising in a new enterprise. Chap- 
ters are devoted to the successive steps of promotion, from the 
conception of the enterprise, through its investigation, organiza- 
tion, and financing, until it becomes a going concern with man- 
agerial problems. The entire enterprise is considered from a 
threefold point of view, in its legal aspects, financial set-up, and 
managerial problems, with the additional feature that the vari- 
ous alternative solutions to these problems are illustrated with 
concrete examples from existing corporations. A major portion 
of the book is given over to detailed consideration of capitaliza 
tion methods with a thorough discussion of the various expenses 
connected with each, both initially, and from the standpoint of 
future operations. 

One of the more striking features of this book, not always 
found in texts on corporate finance, and which may at this time 
be particularly valuable, is an intelligent and thorough considera- 
tion of the problems and various methods of removing a bankrupt 
or insolvent business from receivership, and reorganizing and 
refinancing it on a sound basis. 

Although some of the more theoretical and historical aspects 
of the development of corporate organization are omitted, this 
omission serves to make the book more readable, and keep it 
within reasonable limits of size. 

Together with the value of this book to students of business, 
it also represents an authoritative reference book to the average 


reader who is at all interested in finance. 
—C. E. B. 










































































WELDING 


(Continued from page 10) 


tion although numerous instances have been recorded 
pase welding has been used in repairing or altering 

xisting structures. Probably this is due to lack of 
parr Dia as to weld performance under impact and 
fatigue. There is need for investigation along these lines. 


At Watertown Arsenal we are concerned w:th the 
design and manufacture of Ordnance material which is 
subjec ted to vibratory and impact stresses. Funda- 
mentally there are two methods of designing a welded 
structure. Either the design may be suc +h that the 
welds carry the stresses betwee *n the various parts 
joined or the welds are employed to hold the parts 
together mechanically. the stresses being carried from 
part to part, partly through mec chanical interlocking, 
fitting or because of the position in which they are 
placed. There are advantages in both methods and 
both methods are used in Ordnance construction. 


The welding of nickel steel presents a problem of 
porosity which is not encountered to the same extent in 
welding carbon steel. The amount of porosity is appar- 
ently dhermined by the temperature g sradient between 
the weld metal and the plate, which probably controls 
the absorption of nickel into the weld. If the are energy 
used is below a certain amount, de pending on the plate 
thickness, size of weld, and diameter of elec trode, lack 
of fusion will result, but the weld metal will be sound. 
The use of an are energy above a certain amount results 
in excessively coarse porosity. Between these two 
limits, which is a re ‘latively narrow range, the weld is 
satisfactory. These limits for carbon ste el are consider- 
ably farther apart. 


All produc tion welding at the Arsenal is checked by 
x-ray examination of the welds of each part which are 
most highly stressed, and each part is identified by a 
welder’s marking in the weiding shop which insures that 
the responsibility for the welding is placed where it 
belongs. All of the welds are subjec t to x-ray examina- 
tion at the discretion of the laboratory and a thorough 
visual inspection is made. The welding conditions are 
definitely set for this class of work and any variation 
from these prescribed conditiorts is noted on the x-ray 
films. Bare low carbon welding electrode is used, and the 
results from the porosity standpoint are generally 
within about five per cent of a general average which 
has been established from experience. No other form of 
check test is made although welding tests are made 
from time to time to try out new materials and develop 
the proper welding tec hnique. All welds which are to 
be physically tested in the laboratory are x-rayed before 
machining and the test sections recorded on the films, 
so that the physical results may be correlated with the 
x-ray results. 

Generally the weld is classified from the x-ray film 
on the basis of six fundamental characteristics as fol- 
lows: weld penetration, porosity, fusion, edge effect, 
cracks, and general appearance. If the weld is uniform 
the remarks ‘apply to the whole film but, if there is any 
noticeable non-uniformity, each test section is classified 
independently. The breaks of the test specimens are 
classified individually on the basis of five fundamental 
characteristics as follows: Fracture (type and location), 
structure (of fractured cross section), porosity, fusion, 
and general appearance. 


In this way it becomes possible to better interpret 
the x-ray films, knowing the general type of weld metal, 
i.e., whether carbon steel, nickel steel, chrome vana- 
dium, etc., and in general how the weld has been made. 
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The x-raying of a butt weld presents no difficulty, but 
the examination of a fillet weld is considerably more 
complicated. 


Various forms of test specimens are used at the 
Arsenal. Usually both tensile and impact tests are 
made when studyi ing weld characteristics and the effect 
of electrode, welding energy, and other details connected 
with the welding operation. Many tests have been made 
on butt welds and comparisons of details of the welding 
operation determined, but for some reason or other 
there have been practically no comparisons of this type 
made on fillet welds, in spite of the fact that on struc- 
tural work the majority of welds are of the fillet type. 


The question of size and shape of test specimen has 
not been definitely settled, and often the answer to the 
problem depends on the ultimate result desired from the 
test. Where x-ray analysis of the welds is to be made 
prior to testing, it is desirable that the welds be so 
situated with respect to each other that they will not 
be superimposed on each other on the film. It is with 
this idea in mind that the specimens for fillet welds 
have been designed. A special fixture is required for 
holding the specimens in the testing machine. In a 
similar manner it is possible to design test specimens for 
testing fillet welds under parallel or longitudinal stress 
although the specimens will probably not be as simple 
in form, 


HANDBOOK OF FINANCIAL MATHEMATICS 


By Justin H. Moore 
Prentice-Hall, Inc., New York. 1216 pp. Index. Price $10.00 


This book will prove a valuable addition to the library of every 
student of finance, inasmuch as it contains a wealth of information 
in the form of tables and formulae, enabling the reader to approach 
correctly practically any possible problem in finance, from either 
the debtor or creditor point of view, and solve it quickly, effi- 
ciently and correctly, with little or no practical experience. The 
book contains a detailed description with numerous formulae of 
the various types of simple and more complex problems of inter- 
est and discounts, with adequate tables of present and future 
values of types of annuities, which are valuable to the average 
business man who spends a small portion of his time in invest- 
ment work. 

A large section of the book is given over to a discussion of 
present practices in figuring present prices and future yields of 
bonds, with a critical examination of these practices as applied to 
various types of bonds. In this section also are included many of 
the more elusive bond formulae, and adequate information for 
solving all problems which may arise in connection with sinking 
funds and bond amortization, together with some mention of the 
effect of Federal Income Tax schedules on bond yields. 

The various problems arising in finance through depreciation, 
stock prices, and insurance are fully dealt with by Mr. Moore, 
together with a detailed discussion of the mathematics of the 
building and loan association. In connection with the chapters on 
insurance, a striking feature is the inclusion of the American 
Experience Table of Mortality, with a detailed treatment of the 
theories of probability involved in it. Numerous suggestions are 
made as to other possible uses of the Experience table in solving 
problems not directly related to insurance. 

A very large portion of the book is devoted to a collection of 
more specifically detailed formulae, together with their deriva- 
tion, and a valuable group of special tables, including several 
tables of present and future values of special types of securities. 

Inasmuch as this book represents a collection of information 
which would otherwise have to be gleaned from a large number of 
smaller separate books, it represents a distinctly advantageous 
investment for the student or business man, to whom “Time is 


Money.” 
— C. E. B. 
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E ngineering skill.. 
on trial at the 
old courthouse : 


















That afternoon fire had raged, wiping out much of the business 
section, reducing the telephone building to smoking ruins. That 


night, Western Electric men were at work converting an old court- 





= chien Westen house into a telephone exchange. The next day both local and 


tric was already in action. 
long distance communication was restored in the stricken town... 


@, Western Electric accepts many such challenges as this. Challenges 


that put to the test the engineering skill of its Installation Depart- 








Men and materials were 
rushed to the scene from 
miles around, 


ment, that call into play the resources and facilities of its nationwide 
system of distribution. (, Backing up a far-flung line of communica- 
tion is only one phase of Western Electric’s responsibility to the Bell 


System. Equally important is the purchasing of supplies and mate- 








Day after fire, local and  Yials and the manufacture of telephones and telephone equipment. 


toll service was restored. 


Western Electric 
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ENGINEERING EDUCATION 


(Continued from page 8) 


of scholarship, etc., were then made, and it was then 
determined what proportion of each of them lay in the 
first salary third of the whole group, what proportion 
lay in the second third, and what proportion lay in 
the last third. Comparing this distribertion of scholar- 
ship with the next one where the men are distributed 
in accordance with campus achievement, there seems 
to be some evidence that scholarship is the more signifi- 
cant factor of the two. The destineticon for the men 
with substantial campus achievement, and those who 
stood in the first third of their classes in scholarship, 
are practically the same, but the substantial campus 
achievement men constitute only nineteen per cent, 
while the first third scholarship men constitute about 
forty per cent of the whole group. There is some evidence 
that achievement in editorial, forensic, and managerial 
activities has been rather more significant than that 
in social, athletic, or musical and dramatic activities. 


The earning of college expenses seems to be of very 
little significance. At first this seems distinctly sur- 
prising, but on further reflection there appears to be 
cause for it. In the first place, it is recognized that men 
earn their way through college not because they are 
able to, but because they have to. Furthermore, 
although the men with higher earnings were not notably 
below their fellows in scholarship or in their participa- 
tion in campus activities, it must be true that such men 
have sacrificed something in the opportunity for read- 
ing, for informal social contacts with their fellows, and 
perhaps most important, the opportunity for reflection 
and for gaining a broad perspective on the work they 
are carrying on in college. On the other hand, the men 
who have earned their way have shown a degree of 
determination and capacity for hard work that it has 
not been necessary for their fellows to demonstrate. 
There is no question that these men are, in a general 
way, better off than if they had not gone to college. 


Early age at graduation seems to be a small but 
significantly favorable factor. [tis true that the younger 
men were also somewhat better men in scholarship, but 
in combining the two factors, more divergence from a 
normal distribution is obtained than with either factor 
separately. There seems, thereforé, to be some value in 
early graduation, regardless of scholarship, but it is 
distinctly small. On the whole, moreover, it seems to 
be true that a man who finds his field of work first and 
stays in it, will do better in the long run. It should be 
emphasized, moreover, that this factor is distinctly 
independent of all the others. 


In summary, these studies seem to indicate that 
good scholarship, campus achievement, early gradua- 
tion, in the order named, are significant indices of suc- 
cess. Earnings in college are not significant. On the 
other hand, it has been found that not all the members 
of the groups which were highly selected by combina- 
tions of these several factors, do succeed. It is very 
evident that other elements are highly important; what 
all of these elements are, we have no way of knowing. 
We do feel that many of the failures of men with high 
scholastic records to make good, have been due to ahs 
inability of these men to handle their social relation- 
ships properly. To really succeed in business the man 
must not only make himself acceptable to his fellows, 
but must be able to win their cordial and hearty co-op- 
eration. Other important elements are a man’s ability 
(Continued on next page) 
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COAL MINING 


(Continued from page 9) 


In 1928, the total strip coal production was only 
about four per cent of the coal production of the States, 
but in the Middle West, where the physical conditions 
in certain areas lend themselves quite readily to the 
strip system, rather remarkable progress has been made 
in this branch of the coal producing industry, and in 
1931, it is an extremely important branch of the coal 
business. During the period 1917 to 1929, the produc- 
tion of coal from underground mining remained prac- 
tically stationary while the strip aaah production has 
steadily increased each year, reaching in excess of 


22,000,000 tons in 1929. 


It would be interesting to know the total available 
acreage in the United States that is suitable for strip- 
ping, but such figures are difficult if not impossible to 
obtain, mainly because each year improvement in 
design of equipment or new inventions make available 
large areas previously considered as unsuitable. In 
Il inois alone, the State Geological Survey estimated 
the reserve coal minable by stripping in 1925 at almost 
a billion and a half tons, and since that date, new type 
equipment has been developed that makes available 
many more millions. In Kansas, the strip fields are 
quite limited; in Indiana, the reserves are less than 
Illinois but sufficient for many years of production at 
peak tonnage. Many millions of tons of sub-bituminous 
and lignite are available in the Dakotas and Montana, 
so that, as a whole, the strip coal reserves of the United 
States may be considered not unlimited but very large. 


The cost of producing coal from a modern well 
managed strip pit is quite low when compared with 
shaft mining on hand-loading basis, but a completely 
equipped mechanically loading underground mine 
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occasionally comes close to the stripper when all factors 
are considered. 


It is now possible to estimate with close accuracy 
the probable production costs and total investment in a 
strip plant, for data have been accumulated over a suf- 
ficient period of time to allow the engineer to forecast 
the future of a proposition with very little guessing. A 
careful study of all factors involved, each of which can 
now be determined, such as overburden by drilling, 
quality by analysis, labor rates, and equipment costs, 
lowers to a minimum the financial hazards so inherent 
in mining, and this fact is probably the main reason for 
the rapid increase in the development of this branch of 
the industry. 


ENGINEERS 


(Continued from page 18) 


to adjust himself to the environment of his home and of 
his business, as distinct from his ability to adjust him- 
self to the environment of college. Another important 
element seems to be interest in the individual ability to 
do work which a man has selected for his life work. 


It is certainly true that the student who has done 
well in college, if he is to realize on the capacity and 
promise thus shown, cannot afford to neglect a careful 
analysis of himself and a thorough consideration of the 
businesses where his talents are most likely to be useful. 
He who has done badly in college has no occasion to 
believe that his pace has been permanently set; if he has 
discovered his own motives, his own interests and 
abilities, if he has gained perspective on the things 
which may have hindered him in college, he may well 
choose a field of work from which he can carve out a 
successful career. 
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FOURTH DIMENSION 


(Continued from page 7) 


nearly so simple as it was with a four dimensional cube. 
Writing down in order the formulae for the space 
inclosed in a sphere of one, two, and three dimensions, 
we obtain a series: 2r, ar’, 47r° (r= radius), but it is 
difficult to derive the next term of this series by simple 
induction, since no simple relationship between the 
terms can be seen. By methods of the integral calculus, 
however, a formula for the space inc Josed in a four 
dimensional sphere may be obtained: space = 47°F". 
Most people are greatly mystified by Prof. Albert 
Einstein’s theories about a curved space, a closed, and 
yet unbounded universe, and the like. It is true that 
the mathematical proofs of these theories are highly 
abstruse, but the theories themselves are comparatively 
simple. According to Einstein, the universe may be 
considered as the surface of a four dimensional cy linder. 
This means that it is the analogue in four dimensions of 
a cylindrical surface in three dimensions. !¢ is readily 
seen that, just as the bounding surface of a circle (i.e., 
its circumference) is a line — one dimensional — and 
the bounding surface of a sphere is a surface — two 
dimensional so the bounding surface of a four dimen- 
sional cylinder will be three dimensional. Since this 
surface is three dimensional, it can contain all the three 
dimensional objects which make up the universe. ‘The 
universe, being cylindrical, is naturally curved, but its 
size is so great that the curvature is ‘imperceptible — 
just as the curvature of the earth was imperceptible to 
prehistoric man. Einstein has actually computed the 
size of the universe; it may be expressed as follows: 
The universe is so vast. that light, traveling at the rate 
of 186,000 miles per second, will require five hundred 
billion years to complete the circuit. Thus we see that 
the universe is “‘finite and yet unbounded.”’ It is finite, 
because it has a perfectly definite circumference and 
hence a definite volume; it is unbounded because one 
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may go forever and never find an end to the continuity 
of the surface. 


ARGENTINE 


(Continued from page 5)’ 


whatever they could find, and in any event it was only 
the very exc eptional and lucky man, or one who pos- 
sessed some private capital, who ever got very high in 
a professional way. In a few cases which came under 
my knowledge, the men, after whatever experience they 
could get here, went back to their own countries and 
there were taken on by companies which sent them out 
again. But, alas, times have changed. World condi- 
tions today are such that any similar action is too haz- 
ardous to be thought of. 

It follows, then, that if anyone really hopes to work 
in this country, he must secure his employment before- 
hand, and it goes without saying how valuable, both in 
getting the job as well as in holding it down, will be a 
good knowledge of Spanish. Clearly, too, some general 
commercial knowledge or experience is useful, and in the 
case of engineer-salesmen is imperative. As to technical 
training, a broad, general grasp of engineering principles 
is probably more useful than specialization. 

Particularly if one is stationed outside of Buenos 
Aires or the other large cities will it be found that 
innumerable problems must be solved that in a more 
industrially developed country would be submitted to 
specialists. If you are the “‘ingeniero” you are expected 
to havea complete mastery of plumbing, furniture mak- 
ing, metallurgy, radio-telephony, calculating machines, 
and Heaven only knows what else. However, one hint 
may be given: There is going to be more and more 
manufacturing done here in the future and hence, what- 
ever may be the job for which one comes out, it is well 
to be interested in factory organization, manufacturing 
processes, industrial chemistry, ete., rather than in any 


special subject. 





[UFHIN TAPES AND RULES 


Accuracy their best recommendation — but durability and performance 
have helped to make them most popular. Your alumni will 
vouch for them. Send for Catalog. 


THE [UFKIN foULE £0. 


New York City 


Trade-Mark Registered U. S 
Made of extra quality cotton yarn, carefully inspected, and guaranteed free from all imperfections of braid or finish. 


our trade-mark, used only with this quality. 


SAGINAW, MICH. Windsor, Ont. 


5. Patent Office 
The colored spots are 


We make braided cord of all sizes, kinds, and colors for all purposes, including sash cord, clothes lines, trolley cord, signal cord, arc lamp 


cord, and many special cords for special purposes. 


CATALOGUE AND SAMPLES GLADLY SENT ON REQUEST 


SAMSON CORDAGE WORKS : 





89 Broad Street, Boston 9, Mass. 


THE MURRAY PRINTING COMPANY, CAMBRIDGE, MASS. 








MUD-JACK CORRECTS 
SETTLED PAVEMENTS 
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The principle of operation 
of the Mud-Jack is based 
upon the well known law 
of hydrostatics that‘‘pres- 
sure is exerted with equal 
intensityinalldirections’’. 
It is the same principle 
which is applied in the op- 
eration of hydraulic ele- 
vators or pneumatic lifts. 
A pressure of 1 lb. per sq. 
in. exerted by the machine 
is more than sufficient to 
raise the pavement. High- 
er pressures are sometimes 
necessary first to pry the 
slab loose from the sub- 
grade. 












SPECIAL combination mixer and pump, the Mud- 

Jack, has been developed by National Equipment 

Corporation for correcting settlements in rigid 
types of pavements. It mixes earth and water, with 
sufficient cement to take up the shrinkage, and then 
forces the mixture through holes drilled in the slab. 


Without detouring traffic, the portable Mud-Jack 
brings the slab back to the original grade at a very small 
cost. Dips from 1” to 18” deep are corrected with equal 
ease—and future settlements can be corrected even more 
economically. 


The actual operation of the machine begins with a 
mixing action in the tank which contains a number of 
revolving paddles. A mobile mixture of soil, cement and 
water flows into two large cylinders, one at each side of 
the machine. Pistons then force the mud from these 


cylinders through a 2% inch hose into holes drilled 


through the concrete slab. 


The Mud-Jack, one of the many products built by 
National Equipment Corporation, reflects the continued 
progress of N. E. C. in highway machinery and N. E. C. 
leadership in engineering development. 


National Equipment 





Corporatio 


N.30th St. & W Concordia Ave.. 
Milwaukee, Wisconsin 















“EYES” 
THAT GUIDE 
AIRCRAFT 


PEED with safety and dependa- 

bility is the essence of airplane 
service. lo-day’s ship is safer in fog 
and darkness. Its ‘‘eyes’’ are in its instruments, includes an electric engine-temperature indicator 
and the equipment of'a new monoplane recently and a selector switch, a magneto compass, a card 
purchased by General Electric is unique in compass, a drift indicator, a turn indicator, 4 
that the instrument panel is almost completely tachometer, an oil-temperature indicator, an oil- 
electrified. pressure indicator, a voltammeter, control pulleys, 


The ship is equipped with many electric devices: landing lights, and an oil immersion heater. 


automatic steering, radio apparatus for com- These developments in air transportation were 
munication and contact with directional radio laracly: the accpamiadesiell ot ecllees tained 
range beacons, and a sonic altimeter to give engineers who received preliminary experience 
accurate indication of height above the ground, in the Company's Testing Department. Hundreds 
regardless of sili. The 300-horsepower of college graduates join the ranks through this 
engine is equipped with a G-E supercharger. department, which trains them for electrical 
Other General Electric apparatus on the ship leadership on land, on sea, and in the air. 
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